A series of simulations were performed to evaluate the effects of mature size (WMA, 60, 70, 80 and 90 kg), slaughter weight (SW, 55, 60 and 65 kg) and three diets fed to feedlot lambs. Rations included a traditional diet (C2L) or placing weaned lambs on alfalfa for either 30 (A30) or 60 (A60) d before placing them on the C2L diet (A30-C2L and A60-C2L). Two lamb pricing schemes were used in the financial analysis of the biological results: sale price based on weight with or without adjustment for carcass fat. Placing lambs on alfalfa pasture increased ownership by 22 d on average compared to C2L. As WMA and SW increased, ownership increased from 3 to 11 d. Across nutritional treatments, fat decreased by 5.8 to 9.0% as WMA increased from 60 and 90 kg. When market lambs were priced on weight, net returns per lamb were greatest for A30-C2L or A60-C2L ($2.34 and $5.21, respectively above C2L) and for greater SW ($4.77 and $7.16 greater for SW 60 and 65 kg than for SW 55). The combination WMA of 90 kg, a SW of 65 kg and nutritional treatment of A60-C2L proved most profitable. However, when sale price was discounted for excessive fat content, the combinations WMA of 60 or 70 with a SW of 65 and A60-C2L were most profitable. The rank correlation between biological efficiency (weight gain/dry matter feed consumption) and net return, when sale price was based on weight, was found to be -.51. This was because lambs slaughtered at lighter weights had high biological efficiencies but low net returns due to a negative price margin. With negative price margins but positive feeding margins, net returns are greatest for heavier, fatter lambs fed longer.
Introduction
Consumer demand for leaner meat in addition to market resistance to lambs that are too heavy and(or) too fat were the key incentives for the research presented. The sheep industry problem of producing lambs that are too fat is well documented (Southam and Field, 1969; Steele and Hohenboken, 1972; Glimp and Snowder, 1989) . However, some workers consider that production of heavy lambs is advantageous for the sheep industry to reduce small primal cuts and increase efficiency during the processing phase (Ament et al., 1962; Southam and Field, 1969) . For example, Botkin et al. (1988) estimated that lambs 7 kg heavier would result in 28 to 49 kg more lamb being dressed per hour through a typical packing plant.
Studies have been conducted to evaluate heavier and leaner lambs. Differences between breeds and sires within breeds have been reported (Blackbum et al., 1981; Leymaster and Smith, 1981; Dahmen et al., 1985) , indicating that the potential exists for altering leanness through selection. Nutrition studies have also indicated potential for manipulation of carcass composition. Altering nutrient density and restriction of intake reduce fat content of lambs Hart et al., 1989; Vipond et al., 1989) . However, because many of the breed or nutrition differences are small, combinations of breed, nutrition and management practices should yield greater effects. This study used computer simulation to examine how combinations of these factors would interact to influence lamb performance and profitability.
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Materials and Methods
The single animal version of the Texas A&M Sheep Simulation Model was used to perform these simulations. This model has been described by Blackburn and Cartwright (1987) and Blackbum et al. (1987) .
Determining how well this model simulated feedlot lambs and proportions of lean and fat deposited was accomplished through validation of data reported by Notter et al. (1984) and their unpublished data. In the published study, Rambouillet rams had ad libitum access to their diet or intakes that were 85% and 70% of voluntary intake. Rams were serially slaughtered for estimation of body composition. Comparisons between measured and simulated feed consumption, empty body weight and fat weight were made (Table 1, Figure 1 and Figure 2 ). The comparison between measured and simulated results indicated close agreement except for underprediction of the fat content of rams fed at the 70% intake level. In this case, measured fat weights were equal to the 85% intake measured fat weights at the end of the feeding period. The authors did not explain the cause for this inconsistency in their results. One possible explanation is that the 70% intake level did not provide sufficient levels of protein to promote lean tissue growth. This result also could be due to sampling or experimental error. Conversely, the model may lack the sensitivity to mimic this type of biological response.
Our study was designed to evaluate the effects of mature size, nutrition and target slaughter weight on carcass composition and net r e m s . (Blackbum et al., 1981; Dahmen et al., 1985) have used heavier slaughter weights.
Three nutritional levels were tested. These were as follows: a control considered to be a standard feedlot diet currently in use by a commercial feedlot (C2L); placing weaned lambs on alfalfa pasture for 30 d and then on the C2L diet (A30-C2L); placing weaned lambs on aLfalfa pasture for 60 d followed by the C2L diet (A60-C2L). We hypothesized that body composition would be altered by grazing lambs on alfalfa pasture for these time periods and that the cost of production would change. Nutrient composition of diets used are presented in Table 3 . A potential meat flavor problem could be encountered by using alfalfa pastures. However, if lambs were treated as in this study, they would spend at least 2 wk in a commercial feedlot fed a nonleguminous feed, during which time problems of flavor intensity would subside (Botkin et al., 1988) . Prices used in the economic analysis were obtained from several commercial feedlots (e.g., cost of feeds, yardage and veterinary costs). Prices paid and received for lambs were averages of 1987 and 1988 prices reported by the U.S. Sheep Industry Market Situation Report 88-89 (Table 2) .
Two slaughter lamb pricing scenarios ware evaluated. The first assumed a fiied price per kilogram of live weight with no adjustments for slaughter weight. The second pricing system provided lamb feeders with a bonus or discount b a d on the fat composition of the lamb. Fat discounts were scheduled as follows: lambs with less than 23% body fat were discounted $.066 per kilogram of final live weight; lambs with fat content ranging from 24 to 28% had an $.11 bonus added to the base purchase price; and lambs with 29% or more body fat were discounted $.11 per kg. Although the lamb market does not currently follow this type of market incentive, this seems to be one approach to value-based marketing. These adjustments were based on two of the criteria of the certified lean lamb program: kidney and pelvic fat of 3.5% or less and a yield grade of 2.67 to 3.67 ( T a m et al., 1988) . To equate the simulated total body fat to these measurements, literature values reporting carcass fat, yield grade and kidney and pelvic fat were compared (Craddock et al., 1974; Crouse et al., 1978) . The ranges selected were based on these results. Price discounts are values currently used to adjust lamb carcasses for weights outside market demands. growth rates for 80 and 90 WMA at SW55 was due to shorter amounts of time spent on the C2L diet. When slaughter weight was increased to 60 kg, a longer period of time was required on C2L; faster growth rates were simulated for heavier WMA.
Placing the lambs on alfalfa for 60 d
decreased ADG for all combinations tested.
Within A60-C2L, ADG increased with heavier slaughter weights due to interactions between energy content of the diet and length of time lambs were fed the C2L diet. Fat Percentage. In the simulation model, lean and fat are simulated separately. For this study, we chose to present fat percentage only at slaughter. Figure 5 demonstrates how fat percentage decreased as WMA was increased. Differences in fat between WMA of 60 and 90 ranged from 5.8 to 9.0%. These differences were a result of diet and the degree of maturity these simulated lambs obtained. As length of time on alfalfa was increased from 0 to 60 d, fat percentage was decreased approximately 3%. Percentage of fat increased approximately 2% for every 5 kg increase of slaughter weight.
For some combinations of mature size, diet and slaughter weight, lambs may not be fat enough to be desirable to the market. This occurred when lambs were placed on A60-C2L. At SW55, lambs with a WMA of 70, 80 and 90 had less than 20% fat; at SW60, the 80 and 90 WMA had less than 20% fat; at SW65, the 90 WMA had less than 20% fat.
As slaughter weight increased, lambs with WMA of 60 fed C2L were too fat ( > 29%; Figure 5 ). This implies that lambs of small mature size should be slaughtered at lighter weights, which is in agreement with Baird et al. (1988) . However, if the pricing of slaughter lambs does not allow lambs of different mature sizes to be differentially marketed, diets with lower levels of energy might be used (e.g., A3O-C2L or A60-C2L).
Biological Eficiency. In this study, biological efficiency was measured two ways. The first measure comprised the ratio of weight gain to dry matter feed consumption of the lamb (WTDM). The second measurement comprised the ratio of lean tissue to dry matter feed consumption of the lamb (LNDM). Generally, the biological efficiencies dropped as slaughter weight increased ( 
Economic Evaluation
Economic evaluation of the simulated results are presented in Tables 5 and 6. Table 5 presents net returns for lambs from purchase as feeder lambs to sale as slaughter lambs. Within diet and slaughter weight, only small differences occurred between mature sues. The uniformity of net retums between genotypes is in part due to the higher purchase price of lambs with increased WMA (Table 2) . Net retums increased as time on alfalfa increased, but the greatest increases in net return occurred when slaughter weight was increased. However, the rate of increase in net return was not constant; as slaughter weight increased from 60 to 65 kg, net return increased an average of 26.1% (11 to 55% for specific cases), but when lambs were slaughtered at 60 instead of 55 kg. net returns increased an average of 108.9% (66 to 464%). Table 5 had a different response than those reported by Harrison and Crouse (1984) . In their work, net returns exhibited a quadratic response to increasing slaughter weight, with an optimal slaughter weight of 55 kg. The response in our study, which is also quadratic, indicated that within the C2L diet additional profits would be obtained by slaughtering all WMA at heavier weights. These differences could be due to lamb purchase price or sale price. In our study, price for different WMA was not constant and was at least twice as large as the $23.00 used a WTDM = total weight gain divided by total feedlot dry matter consumption; LNDM = lean weight gain divided by total feedlot dry manm coosumption; C2L = standard feedlot dieF A30-C2L = placing weaned Lambs on alfalfa pasture for 30 d and then the C2L dieF AWC2L = placing weaned lambs on alfalfa pasture for 60 d and then the C2L diet. %MA = level of mature size in ~i~ograms.
Net returns reported in
in Harrison and Crouse's (1984) study. The difference between the ratio of sale to purchase prices for these two studies were A24 and 1.046, for the present study and that of Harrison and Crouse (1984) , respectively. The lower ratio for the current study implies that a reduced profit margin exists.
Rank correlations between net returns (Table 5 ) and biological efficiencies (Table 4) were performed (SAS, 1982) . A highly significant negative correlation between WTDM and net return existed (-.505) and a nonsignificant negative correlation was found between LNDM and net return (-.121). The negative correlation between WTDM and net return occurred because lambs with a lighter slaughter weight fed C2L had the highest WTDM efficiencies whereas the highest net returns were found to occur with heavier slaughter weights and use of alfalfa. The nonsignificant correlation between LNDM and net return occurred in part because several LNDM efficiencies were greatest when lambs were placed on alfalfa pastures. Akhough biological efficiencies and net returns had a negative correlation, this does not imply that this relationship will always be negative. As pricing structures change and managerial o p 
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W L = standard feedlot diet; A30-CZL = placing weaned lambs on alfalfa pasture for 30 d and then the C2L diet A60-C2L = placing weaned lambs on alfalfa pasture for 60 d and then the C2L diet. %MA = level of mature size in ~ilograms.
tions vary, the relationship between profit and biological efficiency will change. However, it does demonstrate that biological efficiency alone may not be an appropriate method to compare production alternatives. Table 6 demonstrates net returns when slaughter lamb prices were adjusted for total fat content. The general trends for profitability remain the same in terms of increasing returns as time on alfalfa increased and as slaughter weight increased However, Table 6 demonstrates that in such a pricing environment, genotype interacting with diet and slaughter weight could be a much more important component of lamb feeding. If price adjustments for fat were imposed, lamb feeders would have to evaluate available options more
Results from this study indicate that additional profits can be obtained by placing lambs on high-quality pasture before beginning the feedlot phase, given that pasture costs are less than or equal to feedlot costs. Growing lambs on pasture resulted in a product more appealing to the consumer (e.g., lower fat content), carefully. assuming that the simulation model predicted body composition adequately. Growing animals on pasture was particularly beneficial when lambs of small mature sizes were fed. If heavier slaughter weights become the industry norm, sheep with larger mature size could become more prevalent and profitable. However, in such a case, placing feeder lambs on pasture before the feedIot phase of production may not be as beneficial due to lower levels of fat composition. In many of the situations examined in this study and in the literature, breeds with larger mature sizes made a profit during the finishing period of lamb production. This advantage may not apply to the total production system. Using ewes of larger body sizes will increase the cost of production to a greater or lesser degree than the benefits realized in the finishing phase. These results also suggest that highquality pastures could be used to accomplish the same goals of reduced fat content at heavier SW. Further simulations could verify this.
The negative correlations between biological efficiency and net returns can explain why lambs are fed to their current level of fatness. As the ratio of sale price to purchase price decreases (price margin), increases in slaughter weight takes precedence over biological considerations to maximize profit margins. Pricing slaughter lambs on a lean basis, using indicators such as yield grade, would counteract this practice.
implications Genotype, nutrition and management interact and influence various measures of productivity of slaughter lambs. This simulation study indicated that each mature weight group has a specific slaughter weight at which it is most profitable. This ideal slaughter weight will change when nutritional treatments change, so generalized recommendations to lamb feeders are ineffective. Each feeding situation needs to be evaluated on the basis of physical resources and market conditions. The negative correlation between biological efficiency and net returns indicates that higher slaughter weights, though inefficient, can increase net feedlot returns under specific price conditions.
